The aim of this study is to develop simplified tools and methods in collaboration with local stakeholders to facilitate collective decision-making. The project is based on a series of experiments carried out between farmers and environmental officers and researchers (Aquae Project) 1 on the Aveyron-Lère catchment area. Within this framework:
Introduction
Water is one of the most comprehensively regulated areas of the EU environmental legislation. Several programmes and legislations were initiated between 1972 and 2001. Those directives were to be implemented at regional and local levels by the drafting of a set of regulations resulting from negotiations between the different stakeholders involved.
Several studies have attempted to describe and analyse participatory methods (Mendoza and Prabhu, 2005; Rauschmayer and Risse, 2005) , which have been regarded as the most appropriate and effective approach to assess agricultural sustainability (Mickwitz et al., 2005; Siebenhüner and Volker, 2005) . These methods provide more active roles to stakeholders in the management planning process, and in making decisions about management strategies and their implementation (Haggar et al., 2001; Kuntashula and Mafongoya, 2005) . The main criticisms on participatory methods stem from their highly qualitative orientation and their apparent lack of rigour, structure, or systematic procedure for analysing and interpreting stakeholder inputs (Mendoza and Prabhu, 2005) . These methods become more difficult to analyse and interpret when different variables involving environment, social and economic approaches and scales are studied. These studies are generally of purely ecological interest when they are carried out on a field scale, or of purely economic interest when analysed on a farm or regional scale (Pacini et al., 2003) . The second major limitation of participatory methods is that there are few research tools, which both researchers and farmers can use together to diagnose problems and develop scenarios (Okali et al., 1994) .
In this study, the main objective is to develop a methodology based on a participatory approach involving bio-economic models and local stockholders' participation to assess farming sustainability (Siebenhüner and Volker, 2005) . Controlling agricultural production, while at the same time respecting environmental constraints, involves a clear understanding of the diversity of farming systems, relationships between their management methods and environmental vulnerability during yield production (Falconer and Hodge, 2001) . A range of products are, in fact, available to agricultural managers designed to enable them to manage the states of various environments at different time steps: regionalised technical records, multi-criterion grids to aid decision-making and expert systems. The development of such products brings into play research methods such as surveys, experimentation and modelling (Cretenet, 1995) .
Analysis of economic and environmental sustainability of cropping systems involves, by necessity, creating three types of indicators: ecological (soil nitrate, leaching, erosion rates, etc.), agronomic via production functions (irrigation, fertilisation, phytosanitary treatments, etc.) and economic (farmer's income, etc.) (Just and Antle, 1990; Wu and Babcock, 1999) . However, given the complexity of the system, the use of these indicators involves creating a 'function', which links production to the environment. This is a major limiting factor for traditional methods based on econometric applications (Antle and Stoorvogel, 2001) .
For this reason, the use of bio-economic models, which assimilate both agronomic and economic data, is being increasingly adopted to build a negotiating tool and to take decisions relating to both economic and environmental criteria (Foltz et al., 1995; Barbier and Bergeron, 1999; Flichman and Jacquet, 2003; Flichman, 1997) .
The case of the Aveyron-Lère catchment area is a good example of conflict between water resource use and nitrogen pollution. A wide range of agricultural and institutional stakeholders, all defending different interests, is trying to find a solution to the problem of water resource apportionment and its quality maintenance. This basin was selected as the experimental site within the framework. 2 To analyse cropping system in the Aveyron-Lère (southern France) and to establish the effect of irrigation and fertilisation crop management on water quality and consumption, the variability of the rainfall between years must be considered and should be validated on the scale of the representative farms and whole basin. Hence, it should take into account the variations in the hydrodynamic characteristics of the soil, the cropping choices, and the irrigation and nitrogen fertilisation management methods, which vary according to the climatic years. Once the agricultural system of the basin has been modelled and understood, and relationships between the management methods and the indicators have been analysed, changes will be suggested with the aim of improving the management of the water resource at the whole basin level.
In this paper, the various construction phases of a regional model will be presented: • definition and validation of the database
• formulation of a typology of the farms in the area to be studied
• generation of unobserved data derived from a biophysical model
• construction of a regional model derived from an agro-economic simulator
• possible scenario testing.
This process allows a wide range of technical and economic data to be obtained for:
• all crops
• all farms both from an individual and a regional point of view.
This data is then included in the agro-economic model, which is used both as a database and a simulator (at the individual farm level and at the level of all farms in the area) (Carmona, 2004 ).
Materials and methods

Methodology
In order to construct a negotiating framework based on the choice of techniques relating to water consumption and nitrogen use, it is necessary to assess the impact of the likely alternatives and to seek negotiable solutions. These likely alternatives are established by using bio-economic models, which represent farming and cropping operations (Figure 1 ). An agro-economic simulation software package 'Olympe' (Attonaty and Soler, 1992; Le Bars et al., 2005) was chosen, which is able to calculate per farm the farmer's income, water consumption and total quantities of leached nitrogen. This calculation should be computed on the scale of the farms, which are representative of the basin, so that it can be extrapolated at a later stage to the whole basin. Farms should be classified on two levels: (1) initially, from a structural perspective (size, crops, crop management, prices, etc.) . This data will be collected using primarily regional survey on crop rotation and crop records provided by the farmers' group; (2) then, from the perspective of the operating procedures on a field scale. The aim is to establish for each crop a production function relating fertilisation and irrigation to the quantities of leached nitrogen and the crop yield. These functions will be established by soil type and climatic year using a CropSyst model. The construction and the use of the CropSyst and the agro-economic model were conducted in an iterative and interactive (Attonaty et al., 1999) way with the group of farmers and technicians following different levels of analysis and validation. The discussion with the local stockholders was focused mainly on the present:
• Identification of the variables that should be taken into account for analysing the effect of the crop management on yield and nitrogen pollution. The main variables are: soil and climate variability, crop management by year and soil type and the identification of the typology of agriculture production to be representative for the agricultural activity in the Aveyron-Lère Basin.
• Presentation and analysis of the results of the model representing the current situation in a joint meeting.
• Definition of scenarios aimed at reductions in water consumption and nitrogen pollution.
• Simulation of the scenarios under consideration by local stakeholders followed by validation (acceptance) or rejection of the results obtained.
Agronomic modelling: use of CropSyst
The CropSyst model is a partially mechanistic model, which attempts to reproduce soil and plant operations in a dynamic way based on the known laws of biology and physics or on empirical relationships based on climate and cropping methods. It was developed for a wide variety of species grown around the world: wheat, corn, sorghum, millet, barley, oats, alfalfa, potatoes, vines, etc. CropSyst operates on daily time steps. The crop 
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CropSyst Cropping System Model Field scale growth cycle is divided into several successive development phases, each with its own parameters to assess growth rate and assimilate allocation based on genetic, edaphic and environmental factors. During each of these phases, limiting factors (hydrous deficit, nitrogenised nutrition, etc.) are introduced as reducing functions of the basic growth model.
Agro-economic modelling: use of Olympe
The Olympe software 3 (Le Bars et al., 2005) will build into its model economic and technical aspects (crop management) of the farms' operations as well as externalities (nitrate leaching).
By modelling on Olympe, the consequences of the different scenarios under consideration by the farmer or the authorities can be forecasted (Figure 2) . Thus, using a model which simulates the consequences of certain aspects of its management puts it in a situation where it can learn and modify or confirm its decision parameters. Consequently, it can evaluate the relevance of its parameters with regard to its projects and the future development of the farm it is involved with. • To obtain a database on operating systems.
• To evaluate the consequences of investing in, getting rid of, or adding an input/output per crop, a change in a crop schedule, a change in crop management, etc.
• To build into the simulation unknown factors and to assess the consequences of unforeseen events, which can be internal or external to the company, on the results of the project (price fluctuations, climatic factors, changing market trends).
Olympe allows groups of farms to be constructed by a matrix of farmer numbers linked to a type of farmer (cf. typology). The simulator acts by highlighting the impact of changes on the crops or management methods but does not allow the strategies and courses of action of the various stakeholders to be represented. In order to model the complete operation of the system, it is imperative to understand and formalise the stakeholders' rules for decision-making as well as the laws which govern these rules. Olympe was designed to work interactively with farmers, either individually or as a group.
Application
Presentation of the study area
The 'Aveyron -Lère downstream' basin (60.000 ha cultivated and 80% of global water consumption for farming in average year) is situated in Tarn-Garonne district (South West, France) (AQUALIS et al., 1997; AGRESTE, 2002) . The climate is characterised by significant variations in inter-annual precipitation, which have led to a considerable increase in irrigation. The landscape of the area is composed of three different soil types. For these reasons, the basin was divided into five natural regions, each one with its particular soil type and water supply, and as a consequence, different cropping systems. All the representative choices and the data used in the modelling process were discussed and validated by a farmers' group comprising of farmers and technicians.
The average surface area of the farms was 30 ha in 1997, with a trend towards a reduction in farm numbers and an increase in size. As for the activities, which have been developed, the heterogeneous nature of the area's soil has resulted in varying farming activities and crop diversification patterns. In this area, farms tend to specialise in fruit and cereal production. The surface of irrigated land across the area has constantly increased, accounting for 35% of the Useful Agricultural Area (UAA) in 1997, with an average irrigable area per farm of 18.7 ha. The irrigated areas in this zone are divided between corn grown for seed and silage (a major consumer, which single-handedly accounts for almost two-thirds of the irrigated area), sorghum, soya, sunflowers, fruit and vegetable production in open country (AQUALIS et al., 1997; Menon, 2000; Majhoubi, 2002 ).
The different stages in building the regional model
The process involves the following phases (Le Grusse, 2001):
• Database Documentation used to draw up the Aveyron -Lère downstream river contract was consulted. This contract contains information on the physical characteristics of the hydrosystem, usage, as well as a summary of the key issues and ways forward, such as those identified during a forecasting workshop, assembling 70 stakeholders with vested interests in the management of the catchment area (local elected representatives, officials, communities, associations, etc.) (Batut, 2001) .
A regional survey of 2000 detailed rotation records of 1700 farms in the area was used. This database was completed, with the collaboration of local farmers and technicians, by associating each crop by soil and rainfall, types of yield and crop management (mainly the amount of water and nitrogen).
• Building a farm typology
Given the large number of farms (1700), a typology was formulated based on data analysis techniques and classification. This typology was discussed, amended and validated by the farmers' group during meetings. For each group, five areas were chosen, corresponding to the five natural areas (specific soils and water resources), which were described for the catchment area. Three types of different soils are present in these areas (terrefort, alluvions and boulbène), giving different yields and pollution rates. The production systems were also classified into five categories according to size. For each class-category-area combination, the farm with an area closest to the group average was taken as the representative farm. The number of possible combinations is: No. of classes × No. of categories × No. of areas = 500 possible groups. Given that certain groups are void, 296 representative farms were obtained, which characterise the types of farms in the catchment area. In order to build the model of the basin, the detailed data of these 296 farms was entered. Then the data was weighted with a coefficient equal to the total number of farms that each one represents to obtain results at the regional level. This task of formulating the typology, choosing areas and stratification was carried out with the farmers' group. Each item of data was validated during monthly meetings running over the course of a year. This process enabled the data to be structured but also provided a learning experience for the farmers' group, which was able to adapt the representation model to their own set of circumstances.
• Building a tested scenario: to reduce water consumption and nitrogen pollution, two types of solutions were chosen after negotiation and discussion with local stockholders:
1 Scenario 1 'optimal management, fixed rotation' A better estimation of the water and nitrogen crop needs. This objective is reached by using the crop model for each type of soil, and rainfall variability and rotation, without changing the crop rotation.
2 Scenario 2 'current management, optimal rotation' A better selection of the crops which return the maximum overall income while respecting a series of constraints and creating specific zones for all kinds of crops. These constraints are related to agronomy, the market, water consumption and nitrate leaching. Based on this methodology, the main constraint was to reduce water consumption compared to current situation. To attempt this objective, a linear programming model was used.
• Building an agro-economic simulation model
The model which represents the basin's farming activities by weighting average farms by size category, soil types and geographical area. This model is developed using Olympe software, by which different management scenarios can be tested and their effects can be assessed on the economic results and on the environment for the different climatic situations and the different soils.
• Simulation of the scenarios suggested by the farmers' group with Olympe
The objective was to reduce water consumption and nitrate leaching at the regional level. (Solutions suggested by the stakeholders or originating from an optimisation model under constraints.)
Parameter setting and validation of the agronomic model 3.3.1 Hypotheses
The CropSyst model is applied to a system, which is defined by a parallelepiped of soil. This generally corresponds to one hectare in size and is considered to be a porous environment of horizontally uniform properties and keeps its shape. The system could also be stratified in several layers of distinct properties. In all cases, it is delimited at the top by the soil (or plant)-atmosphere interface and at the bottom by a plan, parallel to the surface beyond which percolated water reaches the watertable. The upper part of this system is represented by a crop or an unworked fallow, which acts on the soil and is subjected at the same time to the soil's effect. Studying this system via modelling gives rise to a whole range of hypotheses:
• The soil water budget operating in each system is not influenced by the adjacent system.
• The hydrodynamic characteristics of the soil are assumed to be constant and do not change when the soil is worked.
• Plant growth can only be influenced by the following factors: temperature, light above the crop, soil water and nitrate.
• Vegetation coverage is assumed homogeneous.
• The effects of weeds and diseases are not taken into account by the model.
Choice of the representative fields
In this study, the system to be modelled is represented by associating three elements: soil, plant and climate units. By assuming that precipitation is homogeneous in the area, the system can be reduced to the soil-plant association for a given year. Existing literature, surveys with farmers and the farmers' group enabled us to determine the representative fields at the level of the catchment area. The most common soils to be found at the level of the study area are:
These soils have a clay-soil texture and are relatively compact, prone to erosion and more suited to fruit trees and field crops (Revel, 1982) .
• Alluvions These soils have a dandy-loam texture and are deep-lying, permeable, easy to work on but with low water-retention (INRA, 1970) .
• Boulbène These soils have a clay-loam texture. They are found on the old terraces of Aveyron and are characterised by soil, which is low in organic matter with low water-retention (INRA, 1989).
Parameter setting and validation of the agronomic model
The aim is to produce a model, which can reproduce each crop operation adequately. This involves setting the model's parameters for each crop, soil type and climate. Calibrating the model requires the adjustment of certain parameters within a reasonable range of fluctuation, which have already been defined and identified by previous research, scientific data or experiments undertaken in the same area of study (Belhouchette, 2004) . According to this principle, only a small number of parameters were calibrated by minimising the difference between observed and simulated biomass. Thus, two parameters were selected to carry out the model's parameterisation and are included in the estimation of total dry matter: 'biomass-transpiration, K BT ', 'Radiation use efficiency, K LB ' and LAImax coefficient.
Parameters were set by adjusting simulated biomass with observed biomass over an average year. Subsequently, validation was carried out by comparing simulated biomass with that established by the farmers' group during dry and wet years (Tables 1 and 2 ). The tables show a close correlation between the yields simulated by CropSyst and those established by the farmers' group. With the model configured to the local conditions of the catchment area, it is used to build a database containing a yield, a quantity of leached nitrate, a final stock of nitrate in the soil and an optimal irrigation dose for each crop type, soil type, climatic year type, and irrigation and nitrogen fertilisation doses.
Simulations and results
A regional model was developed following validation meetings of the data and the representation models. Interactive user sessions of the model were then set up. The model could be seen by everyone with the help of a video projector. First of all, stakeholders used the model as an analytical tool of the current situations at different levels and on different aspects: the extent of water demand for different farmer types, pollution by nitrates and the resulting economic surplus. This was cross-referenced by soil and climate type. The model serves to reveal the actual situation at the regional level. Each local stakeholder has, at the outset, only a partial vision of the actual situation, with little knowledge of the other production systems, their water consumption, their share of nitrate pollution and their economic significance at the regional level. The aim of these sessions is to reduce information asymmetry and to build a single collective representation.
Once the information has been shared and discussed, the second user phase of the model can begin. Subsequent sessions are dedicated to the interactive use of the model as a forecasting tool. The objective is to forecast, with stakeholders, possible scenarios where agricultural production systems might evolve in the region and to measure the impact in terms of water demand, nitrate pollution and economic results. Using the model, rotations can be modified at the level of farming systems or area. Furthermore, changes can be made to crop management, and yields and prices can be varied.
The model was designed to be used interactively, promoting discussion between stakeholders and opening up a dialogue, thus leading to negotiations. Following these discussions, the selected scenarios are then fine-tuned and the results are presented in subsequent meetings where new variants can be introduced with immediate effect (Attonaty and Le Grusse, 1994) .
The result of the first scenario: optimal management, fixed rotation
Based on the results generated by CropSyst, the optimal quantities of nitrates required by the principal crops were defined. For the irrigated crops, it was also attempted -without reducing yields -to determine water amounts and an optimum irrigation schedule for each soil type and each year type. The procedure consisted of simulating the chosen crops with varying increasing doses of nitrogen and water. For each nitrogen amount, the crop yield and leaching for each soil type and year type are obtained. This data generated the crop yield response curves to fertilisation and irrigation (Figures 3-4) . These curves enable us to define the optimal amounts of nitrogen and water (Table 3 ). The generated database was incorporated in the agro-economic model and will allow them to be compared with the pollution generated by the farmers when they apply their own doses. The result of the first scenario demonstrated that it is possible to achieve a reduction in water consumption together with a reduction in nitrates leaching (Bel et al., 1999; Benslimane, 1999) without changing crop rotations, as a result of changes in production management (water, nitrates) (Table 4 ). This gain does not occur uniformly across the area or for all production classes. Variability is also significant in relation to the climatic year type. Thus, the reduction in water consumption and nitrates leaching occurs primarily in 'alluvions and boulbène' areas, where variations are considerable according to the year type compared with current consumption. Moreover, the suggested crop management techniques produce an increase in income compared with the current situation. This is a consequence of the entrant level, matching crop requirements more closely. Even if this scenario represents an optimal situation, which is difficult to achieve in reality, it demonstrates at least that there is room for manoeuvre, which will lead to reductions in water consumption, pollution and costs, while maintaining the same yields in certain types of soils and certain production systems. Thus, recommendations can be made and quantifiable priorities can be defined. Notes: Data for real management and optimal data are respectively obtained from stockholders consultation and CropSyst model. To attempt the maximal yield, farmers applied the same amount of nitrogen fertilisation independently of the type of the soil or weather.
Table 4
Difference (%) between the total: water, nitrate applied, nitrate leached and income respectively established from survey (current farmers' management: base situation) and from the scenario 'optimal management, fixed rotation'. Results were aggregated at area (Z) level using the 'Olympe' model
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The result of the second scenario: current management, optimal rotation
With the assistance of a linear programming model, rotations were optimised by selecting those which return the maximum overall income while respecting a series of constraints. These constraints are related to agronomy, the market, water consumption and nitrate leaching. For each of the five areas of the basin a system of equations was devised, which shows the contribution of each crop at the levels of income, water consumption and total nitrate leaching. For a given year type, overall income will be defined as the sum of the individual incomes of the existing crops. To take account of climatic variability, decisions on crop rotation should be taken in relation to a single income function, which considers the income of the different year types with the probability of them occurring (Dry year: 0.18; Average year: 0.68; Wet year: 0.14). The objective function for a given area is defined as follows: 2 nitrogen pollution will be reduced by 20% compared with actual pollution (Table 5) . In order to gain a regional perspective, an overall objective function was formulated, based on the objective functions defined by the area. The same constraints were applied to this function, as to the previous ones. Figures 5 and 6 show the results for area and regional scale optimisations. For the two optimisation cases, lower water consumptions were achieved, than current ones. In dry years, water consumption varies from 28 million m 3 to 21 million m 3 in the optimisation by area type, compared with 22 million m 3 in the optimisation case at the overall level. For the two models, the reduction in water consumption is greatest in dry years. When the results are compared for leaching, as for water consumption, it can be seen that leaching is reduced in the two models below the level which was imposed as a constraint. This reduction is also greater in the optimisation model per area, but the difference is much smaller than for the water volumes, especially in dry and wet years. A comparison of the total regional income (Table 6) , which is presently achieved, with the income derived from each optimisation model, highlights the economic impact which could be achieved by adopting the new crop rotations (Tables 7-9 ). The model, optimised by area, affords the greatest reductions in water consumption and leaching. The reduction in income is also greater than in the model optimised at the regional level (94 Euros/ha compared with 30 Euros/ha). Income optimisation across the whole of the region allows an acceptable solution to be achieved from an environmental perspective (as it respects the imposed constraints, as it does in the solution which is optimised by area) with a much lower economic impact (Figure 7) . Nevertheless, reductions in water consumption and leaching are not evenly distributed across all areas of production. 
Figure 7
Comparison between total income (aggregated income, which takes into account the income for each climatic year type and the probability of it occurring) at the basin level linked to the crops considered in the optimisation in the present situation, after optimisation by area and after regional optimisation
The results of Scenario 2 demonstrate that water consumption and nitrate leaching at the regional level can be reduced through crop area redistribution, while still respecting the agronomic and market constraints, which affect production in the region (Table 5 ). This reduction in water consumption and nitrate leaching primarily affects the areas where the most critical values can be found at the present time. The reduction in consumption and leaching will result in a drop in gross income. This drop is much smaller when an optimisation by area is carried out, which takes into account the constraints of water and nitrate leaching across the whole area. This shows that in the quest for an optimum result with common objectives, it is possible to achieve a better solution through negotiation, in particular, when possible territory-wide measures are considered. This approach could be used to help stakeholders build the local action programme required by the European Nitrates Directive to reduce, in vulnerable zones, pollution caused by nitrates.
Discussion and conclusions
The aim of this study was to construct a representation system of the agricultural production systems on a given catchment area with a group of farmers. By simulating alternative solutions, this system should help stakeholders to negotiate the management of the demand for agricultural water and of diffuse nitrate pollution. An operating model of the basin's agricultural system was thus used, in particular, to highlight the changing trends in water consumption and the interactions between the different production areas. Based on the first results obtained, the model was calibrated and validated by the stakeholders (farmers' group). This allowed different scenarios to be assessed and tested. 
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The basin model consists of the combined application of a bio-physical model of cropping operations and an agro-economic model of an agricultural company's operations. The two models complement each other by establishing the link between the physical and economic system, as well as between crop production techniques and environmental impacts. Using this system, changes were tested, which resulted in reductions in water consumption and nitrate pollution. The initial results of the model (with field data), led us to note that the heterogeneity of the basin's soils and crops causes variations in water consumption and quantities of leached nitrate. This irregular crop behaviour by area gives rise to heterogeneous economic results. In order to test scenarios, it will be necessary to take this diversity into account, bearing in mind that each area of production will have its own response to the proposed changes.
By modelling the system, the impact of changes in crop rotations and farming techniques can be assessed, both from an economic (farmers' income) as well as an environmental perspective (water consumption, pollution), while taking account of climate and soil variations.
The aim of this study is to start a dialogue between stakeholders by holding discussions on the results obtained in simulations. Thus, joint solutions can be found, and all parties can feel satisfied with the outcome. Training sessions in negotiating skills could be organised in the form of simulation games with all stakeholders involved Le Bars et al., 2004) .
By constructing an operating model of basin agriculture and presenting the scenarios: • The extent of farming's role in conflicts has been demonstrated. This activity consumes the highest proportion of resources (80% of total water consumption in the basin) and, as a result, contributes to water pollution through nitrate leaching.
• It has also been shown that it is possible to reduce this water consumption and nitrate leaching by changing cultivation methods or crop rotations.
• As researchers, we applied our tools and expertise to try to facilitate negotiations between the stakeholders in this conflict over resource use: Constructing the model helped to start a debate, by promoting joint meetings and a process of dialogue.
• It is yet impossible to state whether an agreement will be reached between stakeholders to resolve the problems of water resource apportionment and to halt water quality deterioration in the Aveyron -Lère catchment area. However, it has been shown that alternative production techniques and crop rotation systems can be explored with a view of improving resource management both in quantitative as well as in qualitative terms.
Clearly, farmers contest vehemently any solution, which involves an overall decrease in regional income and strong disparities in impacts according to areas and production systems. By disaggregating the impacts, however, the model allows gains and losses to be quantified on the basis of both areas and systems. The introduction of compensation mechanisms could, therefore, be considered between areas and production systems, with the overall loss being a matter for public policy. Compensation mechanisms could be an area of further research, such as, for example, the mechanisms for the payment of public subsidies to the overall irreducible loss, and a market of rights between farmers, which could be ways of correcting inequalities between areas and systems.
The joint development of scenarios by stakeholders in an interactive user session of the model at the regional level is not a natural process. Indeed, it is more a question of seeking global solutions for all of the systems under external constraints. On the other hand, in a very similar project that has been carried out by the authors since, organising simulation game sessions, where each stakeholders manages a production system, allowed possible scenarios of changing developments to be highlighted based on the aggregation of strategic choices in the different production systems (Le . This step leads us to consider the global impact on the diversity of conceivable processes for the different production systems according to changing external constraints (technological developments, production choices, markets, regulations, etc.).
